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We discuss the impact of additional two-body decays of the right-handed neutrino into a light 
charged Higgs state on the dilepton plus dijet cross sections from resonant W' production. We 
consider in particular a supersymmetric left-right symmetric model which predicts such a light 
charged Higgs boson. We demonstrate that the eejj excess as measured by CMS can be explained 
best if the W' also has decay modes into Higgsino-like charginos and neutralinos with masses of a 
few hundred GeV. Provided that this excess is confirmed, the model predicts also one right-handed 
neutrino with a mass below 200 GeV as well as a doubly charged Higgs boson which should be 
discovered at the LHC in the near future. 


I. INTRODUCTION 

The Standard Model of particle physics (SM) has so 
far persisted every test at current colliders, and after the 
discovery of a particle consistent with the SM Higgs bo¬ 
son [1, 2], for the first time a complete theory of particle 
physics exists. Nevertheless, the SM lacks explanations 
for several phenomena such as neutrino masses or dark 
matter and in addition inherits a big naturalness prob¬ 
lem so that modifications are called for. Supersymme¬ 
try (SUSY) is among the most promising candidates for 
physics beyond the SM as it relaxes the hierarchy prob¬ 
lem and provides a candidate for dark matter. The min¬ 
imal supersymmetric standard model is currently under 
pressure as it prefers smaller Higgs masses than the mea¬ 
sured 125 GeV and moreover also provides no mechanism 
for neutrino mass generation. The constrained minimal 
supersymmetric standard model can already be excluded 
at the 90% confidence level [3]. 

In the presence of extended gauge groups, as is the 
case in left-right (LR) symmetric theories, those issues 
are naturally resolved. In this class of models, the tree- 
level Higgs boson mass gets enhanced if the larger gauge 
group is broken to the SM group near the TeV scale, 
see, e.g., Refs. [4-7] and references therein, and right- 
handed neutrinos (vr) provide the basis for the genera¬ 
tion of light neutrino masses by a seesaw mechanism. LR 
symmetry relies on the gauge group SU( 3) c x SU(2)r x 
SU(2) r xU(1) b _ l and can be thought of as the remnant 
of a broken S'O] 10) or Pati Salam gauge group. Those 
models predict, besides the presence of three vr states, 
a plethora of new particles, among them, several neutral 
and charged Higgs fields in association with the different 
gauge symmetry breaking steps as well as extra gauge 
bosons. 

Recently, in a search for an extra charged gauge boson 
{W') and right-handed neutrinos (vr), a 2.8 er excess was 
observed at the CMS experiment [8], whereas the cross 
section is too low when compared to the prediction of 
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simplified LR models. It has, however, been shown that 
it can be explained in LR symmetric frameworks when 
departing from the assumption that the SU{2)r^r gauge 
couplings are of the same strength [9, 10], or when includ¬ 
ing neutrino mixing and CP phases [11, 12]. In the con¬ 
text of other models, it has been shown that resonant pro¬ 
duction of sleptons in R-parity violating SUSY [13, 14] 
and of vectorlike leptons [15] can fit the excess. Implica¬ 
tions for leptogenesis have been explored in Refs. [16, 17]. 

In this paper, we show how the necessary cross section 
is obtained in left-right supersymmetric models featuring 
in the Higgs sector two SU (2) bidoublets and two SU(2)r 
triplets. In this model a light charged Higgs is predicted 
into which the right-handed neutrino can decay [18, 19]. 
By this effect, the cross section of the sought-after final 
state is reduced by the right amount. 1 


II. MODEL 

We consider a minimal realization of left-right su¬ 
persymmetry where the breaking of left-right symme¬ 
try works via Higgs fields in the adjoint representa¬ 
tion of SU{2)r. These are Ai r, A 2 r , transform¬ 
ing as (1.1.3,q=2) under SU( 3) c x SU(2)r x SU(2)r x 
U(1)b-l- For a nontrivial Cabibbo-Kobayashi-Maskawa 
matrix, two Higgs bidoublets <4>i, $ 2 , which transform as 
(1,2,2* ,0), are required. In addition, a gauge singlet su¬ 
perfield S, which guarantees the breaking of left-right 
symmetry in the supersymmetric limit, is introduced. 
The superpotential reads in its most general form 

W = yf Ql • *hi • Qr + y 2 Ql • $2 • Qr + Ui L l ■ $1 • L R 

+ U 2 Ll ■ $2 ■ Lr + yj Lr ■ A 2 l • Ll + Va Lr ■ Air ■ Lr 
+ (ml + Ail • A 2 r + (jj,r + XrS^J Air ■ A 2 r 
+ (/xi + AiiSjiq • $1 + ^/x 2 + X 2 S^j $ 2 ■ 4*2 


1 This possibility was already qualitatively noted in Ref. [19] and 
shall be quantitatively proven here. 
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and we refer to Ref. [20] for the detailed index structure. 
All superfields with the respective quantum numbers are 
defined in Table I. 


Superfield 

Spin 0 

Spin | 

quantum numbers 

Ql = (ul,cIl) 

Ql 

Ql 

(3, 2,1,|) 

Q R = {u‘ R ,d ‘ R ) 

Qr 

Qr 

(3,l,2*,-i) 

Ll = ( vl,£l ) 

L l 

Ll 

(1,2,1,-1) 

Lit =(*>!*, 4 ) 

Lr 

Lr 

(1,1,2*, 1) 

4 >i 

T« 

4 

(1,2,2*,0) 

An, 

Ail 

Ail 

(1,3,1,-2) 

A 2 L 

A2 L 

A2 L 

(1,3,1,2) 

Ai R 

Aifl 

Air? 

(1,1, 3,-2) 

A2U 

A2H 

A2 R 

(1,1,3,2) 

S 

S 

S 

(1,1,1,0) 


TABLE I. Chiral superfields and their quantum numbers with 
respect to SU(3) C x SU(2)l x SU(2) r x U(1)b-l- 

The gauge group SU{ 2)r x U(1)b-l gets broken down 
to the hypercharge group U(1)y once the neutral compo¬ 
nents of the SU(2) a triplets develop vacuum expectation 
values (vevs) according to 


<*i> 
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($ 2 ) 





Vd 

V2 
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The vevs v[ give rise to W — W' mixing and are con¬ 
strained by kaon data so that we will neglect them in 
what follows. The W — W' mixing induced by these vevs 
has been exploited by Refs. [25, 26] to explain the recent 
excess in diboson events seen by ATLAS [27]. For further 
reference we define v\ + v 2 = v 2 , tan/3 = v u /i>d- 

The singlet dynamically generates effective fj, terms by 
acquiring a vev, 

(S) = ^- (4) 


In the following, we assume a discrete Z 3 symmetry 
under which scalar fields transform as </> —► e~(f> and 
which consequently forbids all bilinear and linear terms 
in the superpotential, ^ = 0, and in addition we 

assume Ai = A 2 = 0, analogously to Refs. [18-20]. The 
effective /r terms are then given by 


^12^S 

/Aff ~\p2 ? 4^1?,eff 
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For further reference we define = v\, tan/?^ = 

V 2 r/vir. Note that at tree-level this does not correspond 
to the true vacuum [21, 22]. Instead, a configuration 
where the vevs are aligned along the a± direction (ui be¬ 
ing the first Pauli matrix) corresponds to the global min¬ 
imum, hence bearing vevs for the doubly charged fields 
as well as which breaks the electromagnetic 

C7(l). The desired vacuum structure of Eq. (2), in turn, 
only features a saddle point at tree level which translates 
to a tachyonic lightest doubly charged Higgs field 
At the one-loop level, however, this situation changes 
[19, 23, 24]. In Ref. [19] it was shown that re¬ 

ceives masses at the order of a few hundred GeV while 
the desired, charge-conserving vacuum can indeed be the 
global minimum at one loop. 

Neutrinos get their masses from different sources: the 
SU{2)rxU{1)b~l breaking induces Majorana masses for 
the right-handed neutrinos. The final SU(2)l x U(1)y 
breaking provides two sources for the masses of left- 
handed neutrinos: (i) seesaw type II due to the SU(2)l 
triplets which have the corresponding vev structure as 
the SU(2)r counterparts, and (ii) seesaw type I contribu¬ 
tions due to the bidoublets which receive vevs according 


For simplicity we assume all vevs and couplings apart 
from the quark Yukawa couplings to be real and for phe¬ 
nomenological reasons the hierarchy vs, v\ r^r ^ Vu,d ^ 
v' lt 2,VlL,2L ~ 0. 

We remark that in this class of models the neutrinos 
are Majorana particles. This can in general not explain 
the reported discrepancy between dilepton final states of 
the same sign and of different signs in the Ujj searches 
in Ref. [8] 2 as a Majorana vr state decays equally into 
£ + + A' - and t~ + X + if CP is conserved in the lepton 
sector. For the explanation of the deficit of the same- 
sign dilepton final state one could use the inverse see¬ 
saw mechanism to obtain quasi-Dirac neutrinos without 
changing the qualitative results for the signal. An alter¬ 
native explanation has been provided in Ref. [12] where 
the interference of two right-handed Majorana neutrinos 
with mixed flavor content and opposite CP parities can 
partially suppress same-sign lepton pairs in the consid¬ 
ered process. 


III. MASS SPECTRUM 

Here, we briefly review the relevant particles and 
masses for the subsequent discussion: 


2 This mismatch is fortified by the fact that an ATLAS analysis 
searching for same-sign dileptons and two jets sees no excess over 
the background [28]. 
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(i) The most obvious consequence of models with an 
extended gauge sector is the presence of extra mas¬ 
sive gauge bosons. Left-right symmetric models 
feature heavy W liL bosons as well as a neutral Z'. 
Because of the breaking via Higgs triplets, the W' 
turns out to be lighter than the Z', 

Mw ' ~ VR and Mz ' ~ ^ VR ’ ^ 

with gj j and g R L being the gauge couplings associ¬ 
ated with the SU(2)r and U(1)b-l gauge groups. 
Thus, the searches for a W' give the stronger con¬ 
straints in this class of models. The strongest 
bounds stem from searches for hadronically decay¬ 
ing resonances. The searches in the tb final state 
exclude resonances below roughly 2 TeV [29]. The 
exact bound depends on the parameters and the 
width of the W' and reads Mw> <1.95 TeV in case 
of a large width due to many W' decay modes [19]. 
The dijet bounds [30] depend even more strongly 
on the decay width. The reason is that a small ex¬ 
cess of events at an invariant mass of 1.8 TeV has 
been observed so that the cross section limits in its 
vicinity are weaker. In Fig. 1, we display the ex¬ 
perimental result (red line) and the predicted signal 
cross section (gray band). The width of the gray 
band is given by the fact that, depending on the 
model, additional W' decay channels open. The 
upper edge corresponds to the case that only de¬ 
cays into SM particles and u R are open, whereas 
the lower edge corresponds to the case that also 
light supersymmetric particles are present in the 
W' final states. This search hence only excludes 
masses below ~ 1.75 TeV for a light supersym¬ 
metric mass spectrum and for a heavy one masses 
below ~ 2.25 TeV. Assuming a discrete charge- 
conjugation or parity invariance of the Lagrangian, 
the constraints from flavor-changing neutral cur¬ 
rents in meson systems can give much tighter lower 
bounds on minimal nonsupersymmetric left-right 
models of roughly Mw> > 3 TeV while requiring 
the additional Higgs states to be in the multi-TeV 
region [31, 32]. However, those constraints can al¬ 
ready be evaded in nonsupersymmetric left-right 
scenarios [33] and are even more relaxed in super- 
symmetric models due to the competing SUSY box 
diagrams, so in the model under consideration, the 
constraints are lowered to M w * > 2 TeV even if par¬ 
ity symmetry is assumed [34] while also the lighter 
Higgs states survive the constraints [23]. 

(ii) As discussed before, neutrino masses are generated 
by the Majorana neutrino Yukawa coupling . Us¬ 
ing ?/2 v u -C yf vm, the masses of the right-handed 
neutrinos are given by 

m UR ~V2y%v 1R . (7) 

For vi R at the TeV scale and y\ of 0(1), one 
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FIG. 1. Comparison of the cross section of a resonantly pro¬ 
duced W' decaying into a dijet final state, cr(W') x —► 

jj) x A (gray band), with the observed limits from Ref. [30] 
(red line) at yfs = 8 TeV, using Qr = Ql- A ~ 0.53 is the 
acceptance corresponding to the kinematic cuts used in the 
analysis. The leading-order results as obtained from MadGraph 
are normalized to the next-to-leading order by applying a K 
factor 1.23 as in Ref. [30]. The gray band gives the allowed 
range for this cross section varying over the model parameters, 
in particular 150 GeV < y e s < 1.8 TeV. 

needs \y 2 \ij ^ (^(lO -5 ) to explain the light neu¬ 
trino masses. 

(iii) Their superpartners, the right sneutrinos, receive 
contributions to their mass matrix by the soft 
SUSY breaking masses m? as well as D and F 
terms. The F& 1R term splits the right sneutrinos 
into their scalar (S) and pseudoscalar (P) parts. 
Their masses read, in the limit of vanishing A y L 
terms and vanishing left-right mixing in the sneu- 
trino sector, as 

(' m J R ) 2 = m l H + + 9bl)( v 2R, — v ir) 

+ 2/4 ( 2 yi V 1 R ± v s V2R) ■ ( 8 ) 

Large values for y-R^s lead to a considerable mass 
splitting between the CP eigenstates and are hence 
constrained by the requirement that v R P does not 
get tachyonic. Moreover, this splitting can lead to 
the situation in which some sneutrino eigenstates 
are light, whereas all charged sleptons are much 
heavier. 

(iv) As mentioned above, the lightest doubly charged 
Higgs in the SU(2) R sector gets its mass radia- 
tively. Necessary for that to happen is small tan /3r 
in the range 1.01 — 1.05. Large Majorana neutrino 
couplings 2/4 have the effect of decreasing m H ±±, 
but this can be compensated by y R , e s [19]. De¬ 
pending on whether it decays into ee, and rr, 
the bounds on its mass are 444, 459, and 204 GeV, 
respectively [35]. 

(v) As apparent from the Higgs representations , there 
are six physical singly charged Higgs bosons. The 
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mostly $ 2 -like state is usually the lightest out of 
the six states. Its mass can be approximated by 


m 


2 

Hf 


_, 2 2 
-9r Vr 


tan 2 /3r-1 
2(1 + tan 2 p R ) ' 


(9) 


Moreover, a small mixing with the A^ R , A.j" R state 
exists due to the D-term contributions. The A^ R 
component within is roughly 


n 


H i Air 2 


vr 


( 10 ) 


This admixture is responsible for the vr-H^-P 
coupling which is oc -1Z H - A - . We have checked 
that the approximate formulas agree with the full 
numerical results within 5 %. 


IV. EXPLAINING THE eejj EXCESS 

We now turn to the interpretation of the analysis of 
Mjj final states from Ref. [8]. It has been noted that 
in the W' mass window 1.8 < Mw 1 /TeV < 2.4 a 2.8 a 
excess in the eejj final state has been observed whereas 
nothing has been seen in the muonic channel. It has 
further been noted that the signal does not appear to 
be consistent with the assumption of a W' from a left- 
right-symmetric model which decays into ivR. The main 
reason is that the expected production cross section of 
said final state while assuming left-right symmetry is too 
large by a factor of roughly 3-4. 


A. Ways to reduce the signal cross section 

Let us recall the assumptions on which the correspond¬ 
ing bounds on W' and vr masses are based. First, it is 
assumed that the gauge coupling strengths g l and gR 
are of equal size. We shall also stick to that since left- 
right symmetry and also D parity are broken near the 
TeV scale. An analysis where D parity is broken at the 
high scale with the resulting gR < g^ at Mw 1 has been 
performed in Refs. [9, 10]. As a consequence of tak¬ 
ing g^ = gR , we also have to include the W' bounds 
from tb searches so that the region of interest shrinks 
to 1.95 < Mw 1 /TeV < 2.4. Furthermore, the experimen¬ 
tal analysis considers no off-diagonal couplings of right- 
handed neutrinos which would eventually lead to diikjj, 
i k. The effect of that has, e.g., been explored in 
Ref. [11], and we shall keep diagonal yf 3 . 

Moreover, Ref. [8] uses a simplified model where only 
a W' as well as up to three generations of right-handed 


neutrinos are added with respect to the Standard Model 
field content. As a consequence, the W' only decays into 
qq and £vr final states whereas the dominating possibility 
for vr to decay further is a three-body decay via a virtual 
W '*: 


W' -*lvR^rlW'*i^lijj. (11) 

One has to remain aware of this when interpreting the re¬ 
spective bounds, particularly since the Higgs sector needs 
to be enlarged with respect to the Standard Model when 
constructing a left-right symmetric model. In our setup, 
we find that, in particular, the assumption that only 
three-body decay channels are open is in general not cor¬ 
rect; the light state with non-negligible couplings to 
vr l turns out to be a viable final state, resulting in 

VR -a e* (12) 

in most of the parameter space. 4 As long as it is kinemat¬ 
ically available, will further decay into tb, and hence 
not or only marginally contribute to the searched-for final 
state. The relative importance of the two-body decay vs 
the three-body decay modes depends mainly on two fea¬ 
tures: (i) the size of the small admixture of A]” fl within 
Hjj and (ii) the ratio m VR /M\v' as this gives the prop¬ 
agator suppression of the three-body decays. However, 
a significant reduction of the Ujj final state by several 
tens of percent can in general be the case. 

Furthermore, in general, the W' decays into qq/ivR do 
not exhaust all possibilities: decays into SUSY particles, 
e.g., into charginos W and neutralinos x° or into slep- 
tons/squarks or into vector and Higgs bosons, e.g., W 
and H° or H ± and H TT , are as well possible. This leads 
of course to a broadening of the W' width, thereby re¬ 
ducing the branching fraction into the above considered 
final states. More importantly, if the sum of the masses 
of an additional W' final state does not exceed rn VR , this 
will also be a viable final state of the three-body decay: 

VR^iW'* ^iXY, X,Y^jj. (13) 

In Fig. 2, we exemplify this situation by showing the 
branching ratios of the VR^ e assuming that vr t/Jj is lighter 
and is vr, t heavier. Because of the small g e s, the light¬ 
est chargino and neutralinos are each around 150 GeV so 
that they appear as decay products as well. The sneutri- 
nos and sleptons in this example are so heavy that the 
two-body decays vr —>■ vr yj- /HX are kinematically 
forbidden. 


B. Numerical results 

Let us now quantify how the above-mentioned features 
affect the interpretation of the bounds on W' and vr. For 


3 Note that there is still enough freedom in the other neutrino 

Yukawa couplings yb, in particular when allowing non-zero v' k 4 The effect of a light charged Higgs on such observables has al¬ 
and vkL> to explain light neutrino data. ready been noted in Ref. [36]. 






5 



FIG. 2. Branching ratios of the vr^ as a function of its mass 
assuming vr = 5 TeV, tan/5j{ = 1.02 and fi e a = 150 GeV 
as well as = 50 GeV and m llR r = 2.5 TeV. The decay 

products depicted by the red solid, dashed and dotted lines are 
eH ±, eXixfi and eu R,p A 4 - The final states depicted by black 
solid and dotted-dashed lines are ejj and etb as mediated by 
an off-shell W 1 . 

that purpose we have implemented the model into SARAH 
[37-42] and used it to create output for the spectrum gen¬ 
erator SPheno [43, 44], which allows a precise mass cal¬ 
culation at the one-loop order. We have further modified 
the SPheno code in order to take into account the tree- 
level tachyonic H ±zt and the correct calculation of its 
one-loop mass as described in Ref. [19]. Via the UFO inter¬ 
face [45] we have then generated model files for MadGraph 
[46]. We have then calculated the relevant cross sections 
at the parton level and corrected them with a suitable I\ 
factor 1.3 as in Ref. [47] in order to normalize the results 
to the next-to-leading order. 

To be consistent with the /i/yj search, the muonic Vp 
must be either too heavy or too light in order to escape 
detection; if m VR is almost as large as M\y/, the final state 
of W' —t vpt has too little phase space to be produced at 
a sizeable rate. If Vp is very light compared to the W\ the 
vp decay products are collimated. As the reconstruction 
in this kind of analysis relies on high-pr objects which 
are spatially well separated from each other, the signal 
acceptance decreases rapidly for m VR /M W i < 0.1 [ 8 ]. 

Compared with the M\y> — m VR plane as presented 
in Ref. [19], this translates to 

m„ R ^ ^ 200 GeV or m £ 1-8 TeV (14) 
or equivalently 

( 2 / 4)22 < 0.04 or (yf ) 22 > 0.36, (15) 

whereas no bounds can be set on the vp of tauon type. 
We differentiate between three separate Vp hierarchies: 

1. m UR e < m VR ii « m VR T , 

2 - m VR.v < m u R , e < m VR T , 

3- m VR li m m VR T <C m VR e , 


and calculate the corresponding eejj cross sections. 

The first mass hierarchy is in fact excluded if one 
sets an upper bound on the the soft SUSY breaking pa¬ 
rameter uil r of a few TeV. It leads to a rather light 
H ++ state inconsistent with LHC data [19]. We note 
for completeness that this also excludes the hierarchy 
m UR r < m VR e < m VR . Hence, only the cases in which 
vp e is the second-lightest or the heaviest neutrino are 
phenomenologically reasonable. It turns out that we can 
explain the observed data for both cases: a relatively 
light SUSY spectrum, which is the preferred case in our 
model, or a rather heavy SUSY spectrum. 

1. Light supersymmetric spectrum 



M w , [GeV] 


FIG. 3. Cross section a(pp —> W' —> eejj) in fb atyTi = 
8 TeV for tan/fa = 1.02 and fj, e g = 150 GeV. The black 
solid line corresponds to the vr mass hierarchy 2 (see the 
text) with = 4 TeV, whereas the black dashed line 

corresponds to hierarchy 3 with fiR, e a = 6 TeV. The blue line 
corresponds to the case where the two-body decays vr —► £H ± 
have been turned off. The orange dashed curve corresponds 
to a model where the SM is extended by a W' and only one 
right-handed neutrino as used in Ref. [8]. The gray area is 
excluded from searches for resonances in tb events [29]. The 
red solid (dotted) line corresponds to the observed (expected) 
exclusion limits at 95% C.L. as given in Ref. [8], whereas the 
green (yellow) band corresponds to the expected exclusion 
±1(7 (2(7). 

In Fig. 3, we show the obtained production cross 
section for the two phenomenologically relevant neu¬ 
trino mass hierarchies as black lines, using m VR e = 
2Mw ', tan j3p = 1.02 and light Higgsino-like charginos 
and neutralinos (/i e s = 150 GeV). The gray area is ex¬ 
cluded by tb searches due to Mw’ < 1-95 TeV since the 
dijet bounds are weaker if light Higgsinos appear in the 
W' final states as is the case here. The red dotted (solid) 
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line corresponds to the expected (observed) 95% C.L. 
exclusion limit as given in Ref. [ 8 ]. The green (yellow) 
band shows the expected limit ±lcr (2 a). The black 
solid and dashed lines correspond to the neutrino mass 
hierarchies 2 and 3. The different values of pr^s for 
the two cases do not affect the shown cross sections but 
were adapted in order to raise tor±± above the corre¬ 
sponding experimental bounds. The main reason for the 
difference between the two vr mass hierarchies is the ad¬ 
ditional W'-mediated three-body decay VR e —> e vrj. £i, 
i = h,t. We have also considered the case that the vr 
decays only via a virtual W'* into £qq' resulting into the 
second-largest cross section shown in the blue line. Hier¬ 
archies 2 and 3 give nearly identical results in this case, 
and thus only one line is shown. For completeness, we 
display also the cross section (orange line) using the same 
assumptions as Ref. [ 8 ], namely, taking into account only 
one vr generation within their considered simplified left- 
right symmetric model. Here, we find a good agreement 
with their results. 

From this we learn that the relevant cross section can 
already by reduced considerably if more generations of 
right-handed neutrinos and additional W' decays are 
present. In our example, the decays of W into the light 
Higgsinos reduces the signal cross section by a factor 
~ 1.6. It is further reduced by a factor ~ 2.5 due to 
the additional two- and three-body decays vr e —> 
and VR e —> e^x 0 ^ ■ The cross section could be even fur¬ 
ther reduced if in addition light sneutrinos are present. 

As apparent from Fig. 3, the combination of extra two- 
body vr decay channels and extra W' channels reduces 
the eejj cross section by the right amount so that a W' 
with a mass of roughly 2 TeV could be the reason for the 
observed excess. 



M w , [GeV] 


FIG. 4. Cross section of pp W' —>■ eejj at y/s = 8 TeV 
for p e ff = 1.5 TeV. The black solid (dashed) line corresponds 
to the neutrino mass hierarchy 2 with tan/3_H = 1.05 (1.02) 
and RR t eft = 6 TeV (3.5 TeV), and the blue dotted-dashed 
line (close to the black dashed line) features hierarchy 3 and 
tan / 3 r = 1.05, p.R, e a = 6 TeV. The gray area is excluded 
from searches for resonances in dijet events [30]. The red 
solid (dotted) line corresponds to the observed (expected) ex¬ 
clusion limits at 95% C.L. as given in Ref. [8], whereas the 
green (yellow) band corresponds to the expected exclusion 
±lcr (2 a). 

the observed excess. 


3. Consequences for the model and predictions 


2. Heavy supersymmetric spectrum 

We now consider the case in which all possible W' de¬ 
cays into SUSY particles are kinematically forbidden. As 
a consequence, the W' width is smaller compared to the 
previous case, and the branching ratios roughly resemble 
the ones predicted for a W' as considered in the simpli¬ 
fied scenarios. As a consequence, the dijet bounds are 
more important as explained beforehand in the discus¬ 
sion of Fig. 1, and thus the W' mass has to be larger 
than ~ 2.25 TeV. This also increases the branching ra¬ 
tios BR(TV' —i vr£) and BR(rr —> Iqq) compared to the 
previous case. Therefore, the eejj cross section is about 
1.6 times larger than in case of a light SUSY spectrum. 

In Fig. 4, we show the resulting cross sections for mass 
hierarchy 2 taking tan/S r = 1.02 and 1.05 as well as for 
hierarchy 3 and tan/^R = 1.05 in the blue dotted-dashed 
line setting ^eff = 1-5 TeV. This demonstrates that the 
main effect is due to tan / 3 r as its increase leads to an 
increase of the the mass, see Eq. (9), resulting in 
a decrease of BR(rr — > H^£). Nevertheless, even for a 
heavy supersymmetric spectrum, the model can explain 


Taking this excess seriously has interesting conse¬ 
quences for the model parameters. First, a charged Higgs 
with a mass of a few hundred GeV is predicted in any 
case. Second, the vr of muon type must be light, 

^ < 200 GeV. (16) 

The third right-handed neutrino, in turn, is only con¬ 
strained by the requirement that H ±± is heavy enough 
and the vacuum is stable. In most scenarios we find the 
mass to be light enough to be soon detected at the 
LHC. As 2/4 is responsible for the vr mass as well as the 
H ±zt coupling to charged leptons, the current bounds on 
ro B ±± are already at ~ 440 GeV if vr £ is the heaviest 
vr eigenstate. H ±:t masses beyond 500 GeV are hard to 
achieve; see the discussion in Ref. [19]. 

The last consequence is, of course, that a W' has to be 
measured in the near future. If the W' in fact gets mea¬ 
sured with Mw 1 ~ 2 TeV, then the cross sections neces¬ 
sary for the eejj measurement imply that our model pre¬ 
dicts additional sub-TeV supersymmetric particles that 
the W' and the vr can decay to. If, in turn, it is mea¬ 
sured at 2.3 TeV, this implies that the supersymmetric 
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spectrum cannot be that light and that in particular the 
Higgsino states have masses above Mw'/ 2. 


V. CONCLUSIONS 

An excess of events with two electrons and two jets has 
been observed with the CMS detector with a local sig¬ 
nificance of 2.8 er. While the simplest left-right symmet¬ 
ric models fail to explain this excess, several realizations 
have been proposed in which a W' and a right-handed 
neutrino could be the origin of this signal. In this paper, 
we have stressed that in a complete model both the W' 
as well as the Vr have in general additional decay modes. 
Taking them into account reduces the signal strength of 
the eejj final state. In our particular supersymmetric 
realization, a light charged Higgs boson opens the possi¬ 


bility of the two-body decay i/r — > Once this is 

taken into account, we can explain the observed excess. 
Interestingly, the data can be accommodated better if 
light Higgsino-like charginos/neutralinos are present, to 
which the W' can decay. This in combination with the 
two-body decay implies that My should be about 2 TeV. 
If the SUSY spectrum is heavier, then a slightly larger 
Myy ~ 2.3 TeV is preferred. In both cases, this model 
predicts a relatively light vr of muon type with a mass 
below 200 GeV, and also a doubly charged Higgs boson 
should be detected soon at the LHC. 
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